Before considering the appearance of RYDBERG series in molecular spectra, it is necessary to recall a few facts concerning atomic spectra. We first recall that a RYDBERG series of spectral lines arises from an electron moving in an attractive electric field which, to good approximation, can be considered as coulombic. If the field were truly coulombic, as in the hydrogen atom, we would obtain the spectral term values, Tn , as
(1) n~ n = \,2, 3,..., oo; Z=1 for H; 2 for Hell, 3 for Li III, etc.
Deviations from a coulombic potential manifest themselves in atomic spectra in two ways: (a) the appearance of non-integers in the denominator of equation (1) The quantity s is called the quantum defect and the quantity Zeff is called the effective nuclear charge. In atomic spectra the quantum defects and effective nuclear charges are calculated on the basis of penetrating hydrogen orbits and atomic core polarization effects 1 ' 2 Now one would expect that when an electron in a polyatomic molecule is sufficiently excited, the net electric field acting upon it would be essentially coulombic. Hence, one would expect series of spectral lines in the far ultraviolet which obey the RIT/ combination principle, the term values being given by (2). This is indeed seen experimentally. Further-more, one would anticipate being able to compute, by means of perturbation theory, the term values for these RYDBERG series. That this anticipation is justified will be shown below.
Theory
To facilitate our calculations, we assume that the net charge of a molecular ion is distributed over the molecule according to the electronegativities of the constituent atoms directly involved in the ionization process: for example, the removal of a 7r-electron in benzene would leave a uniformly charged ring of carbon atoms, a charge of +e/6 at each atom. Hence, we can write the Hamiltonian of a molecular ion plus planetary electrons as
where j ra [ is the distance from atom a to the planetary electron, pt 2 (t = x,y, z) is the square of the momentum of the planetary electron, and za is the net ionic charge associated with atom a . The Hamiltonian, as written in equation (3), neglects exchange effects insofar as they concern the orbital electron. We shall assume our unperturbed problem to be that of the planetary electron at infinity, moving in a hydrogenic orbital about the molecular ion. Thus 
& (1,2,... ,n -1) being the wave function of the isolated ion core, ( n ) the hydrogenic orbital, and A (1, 2,..., n) the appropriate antisymmetrizing operator. Hence, once we have decomposed the complete Hamiltonian, Ff ? as given in (3), into an unperturbed part, , as given in (4), and a perturbation, Ff , we can determine the first order energy correction to Ff0 by the well-known quantummechanical formula = 0*V'V0dT, (6) l I\ as in equation (5).
We can effect the desired decomposition of (3) by use of the multipole expansion 3 of 1/j ru : . Now
1=0
In equation (7) xa is the distance from the centroid of ionic charge to atom a , Xa is the angle between r and xa ; and r> ist the maximum of r and xa , r< the minimum: r and ra are as defined in equations (3) and (4), respectively. Hence
Inserting (8) 
Since 2 za is equal to q , the degree of ionicity of the molecular core, we can write, on using (4) The substitution of (10) into equation (6) yields the correction to the hydrogenic energy levels due to the skeletal charge distribution:
The desired term values for the molecule are then obtained from equation (11) as
Application to Benzene
We shall in this section be concerned with the calculation of the term values, Tn , for the benzene molecule with one electron in an np hydrogen orbital. The appropriate zero-order functions x Pq 1] (/=1,2) are: (5) 
the degeneracy of 'iV^ (7 = 1,2) is not lifted by the np electron peneration. Hence, we can, for our calculations, use either function. We shall choose to use SV 1 ) in the following computations.
Now we have the relation
If the z-axis is chosen perpendicular to the benzene ring, we have if>0 is orthogonal to np^. and np;y by symmetry, so that E'x,y = J nps,y W npx,y dr .
However, np2 is not orthogonal to ty'o • B ut the region of high principal quantum number n , their overlap will be small, so that the last term in (15) will be negligible in comparison with the first. Then we can write E 'z=f np2Wnp2dr.
If |xa|=a; is the distance from the center of the benzene ring to any carbon atom we have (10) 
Then by the addition theorem for LEGENDRE polynomials 3
Substituting (20) into (18) we have
Inspection of the appropriate ARGAND diagram shows that , r >:r.
2 (e-2 * iw/6 ) a = 6 <5OT>6& (* = 0, 1, 2,..., 00). 
Using the algebraic forms given in reference 4 for the functions R"i(r) in (28), we obtain the numerical results given in Table 1 . Also tabulated in Table 1 are the term values assigned by PRICE and WOOD 5 to the two strong RYDBERG series which converge to the same limit in the far ultra-violet spectrum of benzene. In a recent letter to the editor 6 , MOFFITT and the author have proposed that the observed RYD-BERG spectrum of benzene arises from a xpeXg-^np transition. It is thus gratifying that our simple model of the np RYDBERG state of benzene yields calculated term values in good agreement with experiment '.
Application to Ethylene
In this section we shall be concerned with the calculation of the term values, Tn , for an ethylene molecule having one electron in a np hydrogen orbital. The appropriate zero-order wave function, l I J 0 , is thus given by ¥W(|V+(1) np(2)|-|v+(l)np(2)|}, (29) where xp + is the normalized bou molecular orbital of ethylene. Substituting (29) in equation (6) yields
If we choose the z-axis in ethylene to be along the carbon -carbon bond, we have that xp + and npr>v are orthogonal. Hence
Unfortunately, xp + is not orthogonal to npx. However, in the region of high principal quantum number n , their overlap will be small, so that the last term in (30) will become negligible in comparison with the first. Thus we can also write
If 2 x is the carbon -carbon bond distance in the ethylene plus one ion, we can write the perturbation term given in equation (10) Substituting the relations contained in equations (24), (26), (27), and (34) into equations (31) and (32), we obtain the desired energies
If we use the algebraic forms given in reference 4 for the functions R,a(r) of equation (35), we obtain the numerical results presented in Table 2 .
PRICE and TUTTE 8 , and more recently WILKINSON and MULLIKEN 9 , have found in the far ultraviolet spectrum of ethylene two weak RYDBERG series converging to the same limit, in addition to the strong VB2U ~~> NS RYDBERG progression. These two weak series, tabulated in Table 2 , were fitted by PRICE and TUTTE to the term values R/(n + 0.4) 2 and Rj (n -0.3) 2 . We shall give a plausible argument for the assignment of these lines to the ybgu ~~nP transition, in which the np RYDBERG state of ethylene is in the perpendicular form (Do,] 1895 [1955] . 10 Vibronic perturbations of a D2H RYDBERG state also account for the appearance of the np hydrogenic levels. However, the author feels that this mechanism is less probable than the explanation given above. It is of course posng , etc. On the other hand, if we assume this state has symmetry Doj (or lower), we would expect to see at least one of the transitions ifb^u -> ns , or np , or nd , or nf, etc. Now because of the approximate axial symmetry of both the D2h and D2D RYDBERG states, we conclude that each of the degenerate hydrogenic levels is split into the following number of components: the np state possesses two components, the nd three, the nf four, ng five, etc. It is readily verified that all of these components are optically allowed for a potential field of symmetry D2(J or lower. For a potential field of symmetry D2H , one may easily show that all of the distinct components of the even angular momentum hydrogenic states are optically allowed. Hence, the only consistent assignment for the RYDBERG series of ethylene is yb2u -> ns + np . As the yb2u -^ np transition is formally forbidden for planar ethylene (D2h), but allowed for perpendicular ethylene (D2D), we conclude that ethylene is of the perpendicular configuration in its np RYDBERG state 10 . As both planar and perpendicular forms of the ethylene RYDBERG state yield an allowed yb2u -ns transition, the preceding arguments yield no information as to the configuration of the ns state 11 . Since both our qualitative and quantitative (see Table 2 ) considerations agree with the experimental findings, we may 
